Various spatial planning conditions result in the establishment of lines delimiting specifi c land-use classes. These lines often cross cadastral boundaries. In this way, individual land properties may be located in diff erent land-use zones.
Introduction
Pursuant to the Real Estate Management Act [1] , the appropriate approach, method, and technique for real estate valuation is selected by a real estate appraiser. For a proper performance of this task, the appraiser must take into account the purpose of valuation, the type and location of the property being valued, its land use in the local zoning plan, its condition, and available data on the prices, income, and characteristics of properties similar to the one being valued. As is the case with most property valuations performed, prices should be adjusted for diff erences in attributes between comparable real estate and the property being valued. These att ributes usually constitute a given set in which two subsets can be identifi ed [25] . The fi rst one includes characteristics defi ning the similarity of the objects contained in the database of the real properties similar to the one being valued. In each valuation procedure, these att ributes must be characterized at the stage of objective description of the local real estate market. The Real Estate Management Act [1] identifi es several of these att ributes as mandatory. These include legal status of the property being valued, its land use in planning documents, and its actual manner of use. The second subset includes the att ributes, based on which the level of prices of the real estate collected in the comparable database shall be adjusted.
The value of real estate largely depends on the possibility of its use for specific purposes [15] . These intended uses are set out in various planning documents, taking the planning and zoning regulations into account [2] . The land-use class of a property defi ned in these documents is one of those characteristics that should be identical for all properties contained in the database of properties similar to the one being valued. The construction of such a comparable database seems to be much easier when the properties have homogeneous land use. Although the lines delimiting the areas of diff erent land uses should be consistent with cadastral boundaries [11] , such an implementation is not always possible in the actual planning space [6] . As a result, a property can be located in diff erent land-use zones. If such a property is subjected to a valuation procedure, fi nding real estate that would be similar might pose some problems. Not only should comparable properties be located in the same areas, but the proportions of the surface areas of individual land-use zones in each property should also be similar.
Since the misdetermination of the land use of a property may result in a misestimation of its value [7] , it may be the same case if real estate values are determined based on similar properties whose fragments of land uses are diff erent than those of the property being valued -the diff erent composition of the areas of various land uses or diff erent proportions of the surface areas of individual land uses. The use of such methods as a pairwise comparison or mean price adjustment may not be sufficient in determining the value of such properties. The unit price determined by these methods may prove to not be representative of a given real estate market due to the highly diversifi ed confi guration of the various land-use zones. For such properties, it would seem reasonable to separate the unit values of specifi c land-use zones from their total transaction price. The selection of the right model from the method of statistical analysis of the market allows us to solve this problem.
This paper aims at verifying whether it is important to consider non-homogeneity in land-use classes when determining the value of land and presenting the possibility of using a parametric model for the valuation of land located in diff erent land-use zones, which has long been used to adjust the observation results in surveying [13, 22, 24] .
In real estate valuation, this model has already been used to estimate the market value of built-up lands [3, 4, 9, 10, 14, [17] [18] [19] [20] [21] and of agricultural and forest lands [17, 21] as well as the costs of construction and total wear of building structures [5, 8] .
The model is based on an analysis of the total transaction price for the whole property, and the unit values of land components are the estimated parameters here. It can be used when the number of transactions constituting similar properties is higher than the total number of elements that are components of the analyzed properties as well as the number of att ributes that form the basis for adjusting the prices for the real estate collected in the comparable database. The parameters of this model are estimated using the method of least squares. Based on these, the unit values that are parts of the analyzed properties of the diff erent land-use zones are determined. The results form the basis for determining the market value of the real estate similar to the property under consideration.
Methodology of Property Valuation Using the Parametric Model
In order to divide the transaction price of a land property that is covered by diff erent land-use zones into price components corresponding to the fragments with a specifi ed land use, the equations in the form (1) should be built as follows:
...
where: C Tj -transaction price of the whole j-th property, S i -surface area of the specifi c land-use class, as the i-th element of the j-th property, c i -unit price of the i-th component of the property, p j -weights of mutual similarity among the properties used for the construction of the model, determined by Formula (2): 
Weights are calculated on the assumption that, in the analyzed database of real estate similar to the property being valued, the most-representative real properties are those whose att ributes are close to their average values (ˆs a ).
If all of the att ributes describing the real estate on which the model is based and the att ributes of the real estate being valued are identical, the weighing matrix becomes a unit matrix, which greatly simplifi es the calculations.
If necessary, the transaction prices must, of course, be updated as of the valuation date.
In this equation, the unknowns (parameters) are the unit prices of the i-th element of the property. For several transaction prices of the real properties similar to the valued one, the system of equations (1) writt en in the matrix form takes the following form (3):
where: {C T } -vector of transaction prices for the whole properties, {S} -vertical rectangular matrix, formed from the surface areas of components of individual properties, {c} -vector of unit prices of individual components of the analyzed properties, { } T  -vector of random deviations of the model from real estate transaction prices, {p} -weighing matrix of mutual similarity among the analyzed properties.
The system of equations (3) satisfi es the Gauss-Markov conditions (4) . It has a solution in the set of real numbers if the number of transactions (j) is greater than the sum of the number of the analyzed components of the property (i) and the number of att ributes used to describe these properties (s):
The estimator of the vector of unit prices of the property components { } c are derived directly from normal equations according to Formula (5):
The estimator of random deviations from transaction prices { } T  is derived from Formula (6) by substituting Formula (5) into Formula (3):
The estimator of random deviations from the transaction prices 2 0 ( )  is derived from Formula (6) by substituting Formula (5) into Formula (3):
The formula for the covariance matrix of the vector model unit prices { } c is derived from the analysis of variance and ultimately takes the following value (8):
The covariance matrix of the vector of random deviations from the transaction prices is derived from an analysis of the variance of the dependence (3). Consequently, the covariance matrix of the vector of random deviations from the transaction prices { } T  is expressed by Formula (9):
Elements of the covariance matrix of the vector of unit prices of the property components 
After conducting an analysis of the variance for relation (10), Formula (11) is derived for the standard deviation for adjusted unit prices of the real estate components:
Confi dence intervals for the estimated unit prices of the real estate components are defi ned by quantiles of the Student t-distribution. Adopting the confi dence level (1 -α) and number of n degrees of freedom of the estimation model, it is possible determine the quantiles of Student t-distribution 1 ;
A symmetric confi dence interval for the estimated unit prices of the real estate components adopts the range according to Formula (12).
If all of the properties on which the model's construction was based as well as the property being valued have identical characteristics, then the estimation of the market value of any real estate is possible by applying Formula (13):
.
In this equation, the estimated unit values are used for each component of the property and surface areas corresponding to the subsequent components of the property being valued.
If the model used for valuation was constructed based on similar properties yet not identical to the property being valued, the market value determined by Formula (13) should be adjusted using Formula (14):
Adjustment to the property value is calculated as the weighted average of the random deviations obtained in the model using Formula (15):
In this case, the weights are determined by Formula (16):
where s a -value of the s-th att ribute of the property being valued.
When assessing the inaccuracy of the property valuation, Formula (17) is used:
where: {S W } -vector of the surface areas of the valued property components, {P} -vector whose constituents are the weights of each property used for market analysis divided by the sum of these weights.
The symmetrical confi dence interval for the estimated market value depends on the determined by Formula (17), standard deviation ( ) W  , and the quantile of the Student t-distribution. Adopting confi dence level (1 )   and the number of n degrees of freedom in the estimation model, it can be determined by Formula (18):
Exemplary Valuation of Land Property Covered by Diff erent Land-Use Zones
In order to verify the suitability of the parametric model for the valuation of land properties covered by diff erent land-use zones, the value of the land property located in one of Krakow's housing estates was estimated. The property being valued consisted of one cadastral plot of 3300 m² and was located in the areas that were intended for multi-family housing (WN), public roads (KD), and public green spaces (ZP) in the local zoning plan.
The data necessary for the valuation of the analyzed property was acquired from the Registry of Property Prices and Values [23] . They formed the basis for the creation of a database of similar properties, which is presented in Table 1 . A. Bieda
In order to defi ne the infl uence of each att ribute on the transaction prices of the properties contained in Table 1 , Pearson's correlation coeffi cients (r) between the values of these att ributes and the unit transaction prices obtained for these properties were determined. The obtained values are demonstrated in Table 2 . From the values contained in Table, 2 it can be concluded that time does not affect the value of real estate [12] . Therefore, there is no need to adjust the transaction prices per the valuation date. The infl uence of other att ributes on the prices can be described as average [21] .
Information from Table 1 and measurements of the surface areas performed on local land-use plans allowed us to build 15 equations that were used to determine the unit values of the properties located in the areas with the following land uses MW, KD, and ZP: 
Due to the large size of matrix {p} , Formula (19) only contains the values located on the diagonal of that matrix. 
The elements located on the diagonal of this matrix allow us to determine the standard deviations of the value ( ( )) c  for the respective areas: (20) 
The remaining values obtained from the estimation of the model parameters are random deviations ( ) 
Based on the value (24), adjusted unit values of specifi c areas ( ) ij c and their standard deviations ( ( )) ij c  were determined. They are demonstrated in Table 3 . Property value W = 1,032,062 zl determined using the parametric model was adjusted for random deviations from the transaction prices and weights of mutual similarity between the property being valued and the analyzed properties, as presented in Formula (25) 
The adjustment to the previously calculated value of the property is ΔW = −3476 zl. The ultimate market value of the property being subjected to the valuation procedure, located in diff erent land-use zones, using the quantile of the Student t-distribution for 8degrees of freedom (i = 15, j = 3, s = 4) and signifi cance level 1 -α = 0.95, adjusted by the determined ΔW is W  = 1,028,586 zl ± 23,982 zl. The standard deviation for the adjusted value of the property being valued is ( ) W  = 10,400 zl, which is slightly above 2% of the estimated value of the property.
Verifi cation of Signifi cance of the Obtained Model Values
In order to verify the signifi cance of the estimated model parameters, the following hypotheses should be formulated: 1) the null hypothesis: the estimated parameter denoting the unit value of the relevant area is statistically insignifi cant, and its value (as assessed by the test) is zero, which can be writt en using Formula (26):
2) the alternative hypothesis: the estimated parameter denoting the unit value of the relevant area is statistically signifi cant, and its value (as assessed by the test) is diff erent from zero, which can be writt en using Formula (27):
In order to reject the null hypothesis (or to decide that there is no basis for it), the empirical and critical values of the Student's statistics should be determined. Empirical values are calculated using Formula (28):
Critical values are read from the Student t-distribution tables for a specifi c signifi cance level α and (j -i -s) degrees of freedom.
If the empirical values are larger than the critical value, the null hypothesis is rejected in favor of the alternative hypothesis. If, however, the empirical value is less than or equal to the critical value, there are no grounds to reject the null hypothesis.
The empirical values for the individual areas)calculated for an exemplary parametric model) are equal to the following (29) 
ZP t c  
On the other hand, the critical value for signifi cance level α and 8 degrees of freedom is = 2.3060.
Comparing the obtained results, it can be concluded that all of the unit values for the individual areas obtained using the parametric model are statistically signifi cant with respect to the corresponding standard deviations for predetermined signifi cance level α = 0.05.
Assessing Validity of Valuation with Specifying Diff erent Land-Use Zones
In order to fi nd out how specifying diff erent land-use zones aff ects the estimated value of real estate, the values obtained for the property (based on which the parametric model was built) were compared to those values that could be determined by using the method of pairwise comparison (if all properties collected in the comparable database were used for the valuation). This comparison is valid, since all properties in the database are mainly located in multi-family residential areas, and the areas intended for public roads or public green spaces are only an addition to them.
The values for all properties collected in the comparable database and for the property being valued were determined using Formula (30):
where: ĉ -average unit transaction price for all properties in the database, ˆi a -average value of each att ribute for all properties in the database, 
The ultimate unit values of properties from the comparable database and the property being valued (obtained by the method of pairwise comparison and in the parametric model) are illustrated in the graph in Figure 1 .
It is clearly noticeable that the values obtained in the parametric model deviate signifi cantly from the values determined on the assumption that properties in the database were mostly intended for multi-family housing. There is no obvious dependence in this case. In exactly half of the cases, the values obtained from the parametric model exceeded the values obtained in the method of pairwise comparison.
In order to determine which values should be considered appropriate, the index of consistency between the valuation model and the comparable database was determined (λ), expressed by Formula (33):
where ĉ -average unit transaction price in the database.
In order to calculate the consistency index, it is necessary to specify standard deviation ( ) n  from the diff erences of unit transaction prices (c i ) and estimated unit market values (w i ) according to Formula (34):
For the values obtained from the parametric model, σ n = 8.48 zl and λ = 0.93, whereas for the values determined in the method of pairwise comparison -σ n = 85.95 zl and λ = 0.74. This means that the consistency between the parametric model and the database of comparable properties is very high, while the consistency of the model used for the calculations in the method of pairwise comparison is only acceptable [21] .
It is therefore reasonable in the analyzed case to take the lack of homogeneity in land-use classes into account. It can be concluded that, in the properties used for this exemplary valuation, the proportion of the areas intended for public roads and public green spaces was so large that it aff ected the fi nal valuation results. 
Conclusions
The value of real estate depends largely on the possibility of its use for specifi c purposes (hence, on its intended land-use class in planning documents). According to all property valuation principles, each valuation procedure that involves comparing the property being valued with others should be based on properties with the same land-use class as the property being valued. Unfortunately, the lines delimiting the areas of diff erent land-use zones often cross boundaries of cadastral parcels. As a result, the land-use class of individual properties is not always homogeneous. Individual properties may diff er not only in their land-use classes but also in the proportions of diff erent land-use zones. The presented calculations clearly indicate that it is necessary to verify whether the fact that a parcel is located in diff erent land-use zones should be included in the property valuation procedure.
If a property being valued is located in various land-use zones, the author proposes dividing the transaction prices obtained for the whole property into individual components. For this purpose, the parametric model can be used, where the parameters are estimated using the method of least squares. Although the method of least squares is probably the most-commonly-used parameter estimation method, it should be remembered that it may not be resistant to outliers [16] . One discrepant observation is enough to completely disturb the estimation results. In the analyzed example, the use of the parametric model proved to be reasonable. However, in order to state unambiguously whether this valuation methodology should be introduced for wider use, further analyses are required to be conducted in various markets as well as for real estate with diff erent land-use zones.
